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more lines of shallow holes, from 10 to 20 ft deep, are drilled and grouted first,
in order to consolidate the surface and to prevent leakage of high-pressure
grout to be used at lower elevations. Then another single line of holes of
wider spacing is drilled and grouted at higher pressures. Then a single line of
holes constituting a third series of deeper holes of even wider spacing and higher
pressures is completed, and so on until the final depth is reached where the
spacing is greatest and the pressure is highest.

Although condemned by some engineers on the ground that chips and dust
will be crowded into the seams and prevent a flow of grout, shallow grout holes
up to about 40 ft have been drilled by percussion drills. However, for deeper
holes, core drilling is always used. The former start with a size which will
gradually reduce to about 1H to 2 in. Core drills are usually 2 in. In some
projects, some of the last holes are drilled 5 or 6 in. in diameter for visual
inspection of the results of grouting by the use of the periscope, which is de-
scribed in Art. 46, Chapter 1.

The upper end of all holes to be grouted should be provided with threaded
pipes, which can be connected to the grouting machine. These pipes must be
anchored or weighted to prevent a blowout during the process of grouting.
This is sometimes done by cementing the connecting pipes into the drilled
holes, or placing them in a concrete cutoff carried far enough into the rock to
provide ample grip The drilling, in the latter case, is usually done through
the pipes. When it is desired that the drilling shall not interfere with the
erection of masonry, the pipes may be carried up along with the masonry and
the operations of drilling, testing, and grouting conducted from whatever
elevation the masonry has reached, or from a gallery in the dam.

It is preferable to grout each hole before the adjacent holes are drilled, as
otherwise the grout, leaking into an adjacent hole under low pressure, may seal
it, thus preventing subsequent grouting of that hole from penetrating any
great distance.

Each hole should be cleaned out thoroughly with air and water before grout-
ing starts. Water should then be pumped into the holes at moderate pressure
to clean out some of the seams, to locate surface leaks to be plugged, and to
test for the rate of flow.

Thin grout travels farther than thick grout. Hence it is customary to start
with a thin mixture of one part of cement to five or six parts of water and
gradually thicken the grout as the hole tightens. This procedure not only
reaches remoter seams but offers a minimum of disturbance of the natural
formation. A mixture of one part of cement to about two parts of water is
frequently adopted for the final grouting, but where the rock is loose, a mixture
of one part of cement to 0.6 part of water has been used. Where there is dif-
ficulty in sealing a seam, sawdust or shavings added to thick grout has been
used with success.

Coarse sand by itself should never be used as an admixture for cement grout,
since it tends to settle out and separate from the cement. Rock flour approach-
ing in fineness that of cement has been used successfully as an admixture.